Background
The U.S. Energy Information Administration (EIA) projects that U.S. annual natural gas production will increase from 23.0 trillion cubic feet in 2011 to 33.1 trillion cubic feet in 2040, a gain of 10.1 trillion cubic feet (44.0 percent). 2 More than 87 percent of this increase is due to growth in shale gas production, whose share of total natural gas production is projected to reach 50.4 percent by 2040. 3 Because of this rapid growth, the oil and natural gas industry has experienced large employment and wage increases over the past few years. Many of these increases have occurred in areas outside the "oil patch" region, which produces a substantial amount of U.S. oil and natural gas and comprises the states of Oklahoma, Texas, and Louisiana. (For states whose employment in the oil and natural gas industry changed by more than 1,000 over the [2007] [2008] [2009] [2010] [2011] [2012] period, see figure 1.) Shale gas is natural gas trapped within shale formations, which are made of thin layers of fine-grained sedimentary rocks. These shale formations cover a wide area. Conventional vertical wells can only access a small vertical layer of shale, making the extraction of gas deposits uneconomical. Horizontal drilling, that is, drilling along the thin layers of rock, has allowed gas producers to access much more natural gas from shale deposits. Gas producers have effectively used horizontal drilling with hydraulic fracturing (commonly called fracking), which is an extraction technique in which water, chemicals, and sand are pumped into the horizontal wells to fracture the shale rock and allow natural gas to flow out. These two techniques, when used in combination, have enabled gas producers to extract shale gas both rapidly and economically.
The nation's most developed shale "play" (i.e., a commercially exploited geographical area or energy deposit) is the Barnett Shale in Texas, where drilling began in the late 1990s. Since 2003, the use of horizontal wells in the Barnett Shale has increased considerably. 4 Strong economic results from this practice have led to drilling in other areas, such as the Haynesville and Fayetteville shale plays in Texas, Louisiana, and Arkansas.
However, the most interesting shale development is in the Marcellus Shale. Much of the recent drilling in that shale has occurred in Pennsylvania, a traditionally coal-producing state that has seen a surge in natural gas production For the purposes of this article, the oil and natural gas industry is defined as an aggregate of three industries: (1) oil and gas extraction (North American Industry Classification System (NAICS) 211), which represents establishments that operate and develop oil and gas fields; (2) drilling oil and gas wells (NAICS 213111), which contains establishments that drill oil and gas wells, as well as contractors that specialize in directional drilling; and (3) support activities for oil and gas operations (NAICS 213112), which comprises establishments that perform support activities, such as exploring, building, and dismantling wells. The coal mining industry is defined as an aggregate of two industries: coal mining (NAICS 21211) and support activities for coal mining (NAICS 213113).
Establishments in these industries are primarily engaged in support activities, such as exploring, blasting, and tunneling, as well as the actual mining of coal. 
National-level comparisons of industry employment and wages

Industry
Employment
Average annual pay Average annual pay grew by a larger amount in the oil and natural gas industry than it did in the national economy. 6 From 2007 to 2012, the U.S. average annual pay increased by $4,831 (10.9 percent), to $49,289. Over the same period, workers in the oil and natural gas industry saw, on average, an annual pay increase of $13,624 (14.6 percent). In 2012, the average annual pay in that industry was $107,198, which is $57,909 higher than the average annual pay across all industries.
Between 2007 and 2012, employment grew in each of the three oil-and natural gas-related industries. The absolute and percent growth in the average annual pay of these industries also was larger than the growth in national average annual pay. Support activities for oil and gas operations had the largest increase in employment over the study period, adding 85,347 jobs (an increase of 43.3 percent) and reaching a 2012 level of 282,447 jobs, the largest employment level among the three industries. Oil and gas extraction had the largest pay increase, $22,552 (17.0 percent), and, by the end of the period, the largest annual pay, $155,062.
In terms of employment, the oil and natural gas industry is substantially larger than the coal mining industry. In 2012, the oil and natural gas industry had nearly six times the number of jobs the coal mining industry had. Table 2 shows the top 10 states ranked by employment in the oil and natural gas industry. The ranking is Most of Pennsylvania's substantial employment gains in the oil and natural gas industry were due to the recent surge in shale gas production brought about by the drilling in the Marcellus Shale. The state's employment growth in the industry is consistent with EIA data on gross withdrawals from shale gas wells. Pennsylvania had the second-highest increase in gross withdrawals (2.0 trillion cubic feet) from 2008 to 2012, trailing only Louisiana in this regard. 8 As a result, Pennsylvania went from being the 10th-largest state by oil and natural gas employment in 2007 to being the 6th largest in 2012. The state also had the second-largest employment increase over the study period, positioning itself only after Texas, a major oil-and natural gas-producing state.
State comparisons and Pennsylvania
Despite recent declines in Pennsylvania's overall economy, the state's oil and natural gas industry has seen 
Comparison of Pennsylvania's oil and natural gas industry and coal mining industry
Pennsylvania is part of the Appalachian coal region. 9 All anthracite coal mines in the United States are found in northeastern Pennsylvania, 10 and the state's bituminous coal mines are mostly found in western Pennsylvania. 11 In 2012, the state ranked fourth in terms of coal production; it produced 54.7 million short tons of coal, representing 5.4 percent of total U.S. coal production. 12
Pennsylvania has a higher-than-average concentration of employment in the coal mining industry. Employment concentrations across industries and geographic areas are compared with the use of ratios called location quotients. 13 Although the state's employment is less concentrated in the oil and natural gas industry than it is in the coal mining industry-a difference explained by more evenly distributed oil and gas deposits across states-Pennsylvania's oil and natural gas industry has experienced substantial employment growth, higher than that seen in the coal mining industry. By 2012, the state's oil and natural gas industry had achieved not only higher employment but also higher average annual pay than the coal mining industry. (See figures 4 and 5.)
In 2007, before the expansion of shale gas production, employment in Pennsylvania's coal mining industry was larger than employment in the state's oil and natural gas industry. However, the same was not true at the level of 
Northeastern and southwestern Pennsylvania counties
According to the EIA, the largest increase in Pennsylvania's natural gas production occurred in northeastern Pennsylvania, although a smaller increase also occurred in southwestern Pennsylvania. 14 In addition, QCEW data show strong employment growth in the oil and natural gas industry in these regions. (For locations of Pennsylvania counties with large growth in natural gas production and employment, see figure 6.)
In northeastern Pennsylvania, Lycoming County had zero reported jobs in the oil and natural gas industry in 2007.
By 2012, employment in the county had grown to 1,801, the second-highest level among all counties in the state. dropping Indiana County to 10th place in terms of oil and natural gas industry pay.
DESPITE A LARGE EMPLOYMENT DECREASE during the Great Recession, and in contrast to the decline in overall national employment over the study period, the U.S. oil and natural gas industry grew from 2007 to 2012.
Advancements in horizontal drilling and hydraulic fracturing have allowed rapid growth in shale gas production in many shale plays across the United States. The recent development in the Marcellus Shale is especially interesting because the formation spans a large area of the Northeast, a region not historically known for natural gas production. Pennsylvania's oil and natural gas industry is now larger than the coal mining industry for which the state is traditionally known. 4 "Technology drives natural gas production growth from shale gas formations" (U.S. Energy Information Administration, July 2011), http://www.eia.gov/todayinenergy/detail.cfm?id=2170.
5 "Horizontal drilling boosts Pennsylvania's natural gas production" (U.S. Energy Information Administration, May 2012), http:// www.eia.gov/todayinenergy/detail.cfm?id=6390.
6 For the aggregate oil and natural gas industry and the aggregate coal mining industry, average annual pay was calculated by dividing the sum of total annual wages by the sum of annual average employment.
